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Abstract 
We investigated the feasibility of biosensing for a novel two-dimensional (2-D) photonic crystal (PC) based nano-ring resonator 
by computational study. The photonic crystal is composed of periodic hexagonal hole array on a silicon plate. A hexagonal nano-
ring resonator is arranged in between two silicon PC waveguides. This PC nano-ring resonator is packaged in a fluidic channel, 
while analytes flow via a sensing hole will be trapped. Due to the absorbed analytes in a particular hole along the hexagonal ring, 
the output resonant peak wavelength shifts to longer wavelength region. The sensitivity of various holes has been studied. 
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1. Introduction 
Photonic crystals (PCs) are materials with refractive index which is spatially periodic modulated. The periodic 
refractive index results in a photonic band gap (PBG). The propagation of light within band gap frequency range is 
forbidden in the PCs structure. The light controlled can be achieved by introducing certain defects in PCs structure. 
The light is only allowed to exist within defect region. The PBG effect has been adapted to develop many optical 
devices such as channel drop filter, power splitter and light sources [1-3]. The PCs structure exhibit significant 
confinement of light comparing with conventional optical device. This feature enables to downsize the device based 
on PCs structure.  
Micrometer sized ring resonators have been investigated as biosensors [4, 5]. The basic configuration of ring 
resonator biosensor comprises one ring resonator with two straight waveguide in both sides. Input light coupling 
into resonator via the bus waveguide. The circular resonant mode of ring resonator is excited and dropped into drop 
waveguide. The wavelength of resonant light is dominated by the geometrical parameter, refractive index of 
resonator and ambience. The biosensing mechanism is based on the effective refractive index of resonator changed 
due to the analytes binding on it. Therefore, the resonant wavelength is shifted. Comparing with other types of 
resonators, ring resonator reveals high quality and sensitivity in biosensing application. In order to increase the 
quality factor and sensitivity of ring resonator based sensor, it is crucial to reduce the radius of ring. However the 
bending loss of ring based on conventional waveguide is significantly increased with the reduction of ring radius. 
On the other hand, PCs structure provided a good solution to enable small ring resonator with ultra-low bending loss 
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 owning to the excellent light confinement. PCs based microcavities have been studied for biomedical sensors [6-8] 
and devices for real time monitoring of cell growth [9]. However, to the best of our knowledge, there is no reported 
application based on PCs ring resonator. 
2. Photonic Based Nano-Ring Resonators 
The PCs structure employed in our studied is consisted of hexagonal lattice of water holes embedded in silicon 
plate. The refractive index of water is considered as 1.33. The silicon plate thickness is 220nm from a silicon-on-
insulator (SOI) wafer. 2-D finite-difference timw-domain (FDTD) methods and effective refractive index (ERI) 
approach are employed to perform the simulation. 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Sketch of nano-ring resonator with one line of water holes in between resonators and waveguide; (b) Spectra of ports A and B. 
The lattice constant of our PCs structure is 410nm, and the ration of the radius of water holes and lattice constant 
is 0.292. The PBG extends from 1425nm to 1640nm. The nano-ring resonator is formed by removing water holes 
along a hexagonal trace in the lattice.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Sketch of nano-ring resonator with two line of water holes in between resonators and waveguide; (b) Spectra of ports A and B. 
Fig. 1(a) sketches the device configuration of the nano-ring resonator. The nano-ring resonator is sandwiched by 
two waveguides, i.e., line defects, which are formed by removing two lines of holes in lattice. There is one line of 
water holes in between the nano-ring resonators and waveguides. The waveguide in the right side of resonator is 
regarded as bus waveguide. Light input from the bottom end of waveguide (marked by yellow arrow). The resonant 
light excited by input light is going to drop to the left side of waveguide which is regarded as drop waveguide. By 
launching a temporal pulse into the input port and placing the time monitor and port A and B, the drop spectra can 
be obtained by performing the fast Fourier transform on the time signal. Fig. 1(b) shows the drop spectra detected at 
ports A and B. Both spectra of ports A and B exhibit a resonant peak within PBG frequency range at 1554.2nm. The 
quality is about 1000. The results reveal the feasibility of PCs based nano-ring resonator. In order to enhance the 
quality factor of resonator, we increase the confinement of nano-ring resonator by increasing the number of lines of 
water holes between waveguide and resonator. Fig. 2(a) sketches the nano-ring resonators with two lines of water 
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holes. The light is input in the right-bottom side of waveguides. Fig. 2(b) shows the spectra in ports A and B. The 
resonant peak wavelength reveals at 1560.8nm. The quality factor is about 2500. The quality factor is enhanced 
significantly. On the other hand, the wavelength is shifted to longer wavelength because the resonant condition is 
changed. We also increase the number of water holes between resonators and waveguide to 3. The results do not 
show in this paper. The quality is enhanced to 3000. However the intensity of drop light is much weaker than the 
case of fig. 2(a), hence we adapted the configuration in fig 2(a) in the application of biosensor.  
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Sketch of biosensing nano-ring resonator; (b) Spectra of ports A and B. 
3. Biosensing Mechanism 
Figure 3(a) sketches the configuration of nano-ring resonators for biosensor. In the case of gif 1(a) and 2(a), the 
drop light drop into ports A and B equally. In order to increase coupling efficiency and the intensity of output port, 
one-end waveguide is adapted as in\output waveguides. The red line in fig. 3(b) shows the spectra of the 
configuration in fig. 3(b). Introducing one-end waveguides results in the resonant wavelength shifts to 1550.5nm. 
The whole device is packaged in fluidic channel. The water holes can trap the biomolecule near nano-ring resonator 
by binding mechanism. The trapping of biomolecule result in the ERI changing in the water hole.  
Table 1 List of resonant wavelength shift and Q-factor of shifted resonant peak for difference sensing holes in fig. 3(a) 
Hole position Resonant wavelength shift Q-factor 
O1 0 nm 2584 
O2 0.4 nm 2215 
O3 0.5 nm 2585 
O4 0.7 nm 2585 
O5 0.1 nm 2584 
I1 0 nm 2584 
I2 0 nm 2215 
I3 0.1 nm 2215 
 
The green and blue lines in fig. 3(b) shows the spectra with biomolecule trapped in holes O3 and O4, respectively. 
The refractive index of sensing hole is regards as 1.45. The resonant wavelength is shifted to longer wavelength 
range, i.e. red shift. We further investigate the resonant wavelength shifting upon different position of sensing holes. 
The biomolecule is considered as trapped in holes I1 to I3 and O1 to O5, individually. The ERI of sensing hole is 
1.45. The wavelength shift and quality factor in terms of different sensing holes are listed in table 1. The qualities 
are around 2200~2500 in all cases. The derived wavelength shifts are corresponding to the resonant wavelength 
under water, i.e. 1550.5nm. The wavelength is either red shifted or no shifted. The biomolecule trapped in holes O3 
and O4 reveal the most significant wavelength shift.  
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 Table 1 shows that the wavelength shift is strongly dependent on the position of sensing hole. The feature can be 
explained by simulated out-off-plane magnetic field of resonant mode in fig. 4(a). The resonant wavelength is 
1550.5nm. There are no sensing holes in the structure. The penetrated magnetic field in holes O3 and O4 are most 
significant. The ERI change of these two holes results in the more obvious resonant wavelength change than other 
positions. Fig 4(b) shows the relation between resonant wavelength shift and the ERI in sensing O3. The wavelength 
is linear proportion to ERI. The sensitivity, i.e. resonant wavelength shift per ERI change, in sensing hole O3 is 4 
nm/ a.u. ERI. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) Out-of-plane magnetic field distribution (wavelength = 1550.5nm). (b) Resonant wavelength varies with ERI of sensing hole Q3. The 
ERI=1.33 means there is no absorbed biomolecule. 
4. Conclusion 
In summary, we demonstrate the feasibility of the 2-D PCs based hexagonal nano-ring resonator applied in 
biosensing. The quality factor of ring resonator is over 2000. The resonant wavelength shift is dependent on the 
position of sensing hole. The wavelength shift is in linear proportion to the ERI change.  
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